Abstract
The paper includes results of research work dealing with the study of the eff ect of mixing the traditional urea-formaldehyde adhesive Kronores CB 1100 D and the urea-formaldehyde adhesive Kronores CB 1200 D characterised by increased reactivity for selected physical and mechanical properties of particleboards, the content of free formaldehyde and productivity of the production line of particleboards. Within the research, other potential factors aff ecting properties of particleboards were also studied. Present adhesive prescriptions (1) and fi ve experimental prescriptions were eva lua ted. In conclusion, optimum prescriptions were determined fulfi lling the CSN EN 312 standard requirements for physical and mechanical properties of particleboards of P 2 class and a pressing factor was defi ned substantially aff ecting the rate of a production line or production productivity. particleboards, UF adhesives, physical and mechanical properties, adhesive prescriptions, bending strength, modulus of elasticity, tensile strength perpendicular to the board plane At present, we can observe the growing worldwide trend of the consumption, sale and production of agglomerated materials. These materials compensate for the lack of quality solid wood on the market, eliminate (to a certain extent) the anisotropic character of wood, decrease wood swelling and make possible the production of large board-type materials.
Particleboards are one of the representatives of agglomerated materials. According to the CSN EN 309 standard, these boards are defi ned as materials manu fa ctu red by hot pressing of the mixture of woody or other lignocellulose particles with an adhesive. As compared with solid wood these boards show homogenous structure and do not contain natural defects.
From the viewpoint of physical and mechanical properties particleboards are also of orthotropic character. Compared to wood, which has three basic planes diff ering by physical and mechanical proper ties, particleboards show ideally only two basic planes, viz. a plane parallel with the board plane and a plane perpendicular to the board plane. In the board plane, this material is virtually isotropic, which is given by the mall orientation of chips. For the production of particleboards it is possible to use not only standard wood and wood of lower quality, which is no longer suitably for sawmill purposes, but also materials from recycled woody products. Advantages consist in decreased costs of the input raw material.
For the manufacture of particleboards (PB), ureaformaldehyde adhesives (UF) are world-wide used in about 90%, phenolformaldehyde adhesives (PF) in 8% and only a small amount of particleboards is manu fa ctu red using melamineformaldehyde and isocya na te adhesives. In the Czech Republic, the position of UF adhesives is even more marked. In the production of particleboards, UF adhesives are particularly preferred due to low costs being cheapest in the fi eld of synthetic adhesives. They are chara cte ri zed by short setting time and thus also small pressing factor at the production of PB, they set at relatively low pressing temperatures and do not colour wood. In principle, it refers to polycondensation products of urea and formaldehyde, which are able to react together (by means of warm or a catalyst) resulting in macromolecular substances.
One of the most important aspects of the production of UF resins is the "molar ratio of urea and formaldehyde". This ratio together with the character of a prepolymer produced in the fi rst step of the adhesive production shows its main task in the control of the creation of intermediate products originating in the course of setting and fi nally in properties of the cured adhesive.
Adhesives with low molar ratios U:F = 1:1.2-1.6 show longer service life (longer time of gelatination) and the lower content of formaldehyde but lower water resistance, smaller stiff ness and strength. They also set slower than adhesives with high molar ratios U:F = 1:1.8 -2.0. To limit the amount of free formaldehyde adhesives with the molar ratio U:F = 1:0.98 -1.15 are used at present. Released formaldehyde from the adhesive (a er its setting in a fi nal pro duct) is of decisive importance in relation to the environment. Present adhesives show the very low content of free formaldehyde but, on the other hand, they contain considerable amounts of low-molecular methylol compounds, which remain partly un reacted during setting or even their division can occur on the surface of a woody substance. Just these un reacted low-molecular compounds are the substantial source of releasing the formaldehyde from particleboards. In order as little as possible amount of unstably bonded formaldehyde to remain in the bonding material it is necessary to carry out the reaction in such a way the methylol groups to be converted to a great extent to methylene-diurea or to po ly methy le ne urea.
The particle mat moisture shows a fundamental eff ect on the amount of released formaldehyde from particleboards in addition to the amount and type of ureaformaldehyde adhesive. In the contact with hot pressing plates the reversible process of a condensation reaction occurs, bonds split and methylolurea and free formaldehyde originate. This phe no menon is the more marked the moister the particle mat MAYER (1979) . Also the pressing temperature and pressing time markedly aff ect releasing of formaldehyde from fi nished particleboards. Due to increasing the temperature and pressing time increased release of formaldehyde occurs during the manufacture of particleboards.
A temperature in the central layer markedly aff ects the content of released formaldehyde. The amount of released formaldehyde increases with the increasing temperature in the central layer of a particleboard. With the decreasing thickness of a particleboard signifi cant decline in the amount of released formaldehyde occurs. Decreasing the PB thickness by 1 mm the amount of releasable formaldehyde decreases by 5.8%. Releasing the formaldehyde is a slow process, which continues for a long time after the manufacture of PB, ie even during the use of the boards depending also on temperature, relative moisture, intensity of ventilation and the amount of PB material in the room. With the increasing pressing temperature and pressing time the amount of released formaldehyde from a fi nished particleboard diminishes. Increasing the pressing time by 16% the amount of free formaldehyde decreases by 24%. However, increasing the pressing time decreases the productivity of labour and, therefore, this method of decreasing the escapoe of formaldehyde is not too suitable PERLÁC (1992) .
In general terms, releasing the formaldehyde from particleboards is primarily aff ected by unreacted formaldehyde in the adhesive, incomplete setting the adhesive and also by formaldehyde from the hydrolytic dissociation of a UF adhesive not only in the course of PB pressing but also from a fi nished product. Also in the board cross profi le, the degree of setting the adhesive is not uniform. From surface layers to the central layer, the degree of setting the adhesive decreases and, therefore, it is possible to suppose that the UF adhesive hydrolysis occurs particularly in the central layer where also the highest moisture is concentrated during the pressing process ŠTEFKA (1986). The environment acidity is an important condition for setting the adhesive. In the PB, acidity is given by the amount of a hardening agent added to the adhesive but also by the acidity of used boards. Sloweddown setting results in the increased amount of released formaldehyde from PB and, naturally, it can result in the impairment of physical and mechanical properties of PB. Various woody species show mar ked ly diff erent pH values. Nevertheless, pH values can fl uctuate even within one woody species. The admixture of a hardening agent causes only the negligible fall of the amount of free formaldehyde. The central layer of PB can be considered to be the main source of this harmful substance.
To determine the amount of free formaldehyde two methods are most o en used, viz. a perforator method (according to the CSN EN 120 standard) and Roff ael method (according to the CSN EN 717-3 standard). The perforator value means the content of formaldehyde in the tested material expressed in mg per 100 g oven-dry matter (o.d.) sample (particleboards). The basis of the perforator method consists in the extraction of formaldehyde by warm toluene in a special testing apparatus, its subsequent absorbing in a water bath and iodometric determination. The method of represents the method of emission determination expressed by the same weight unit as in the perforator method. The basis of Roff ael method (WKI) consists in two samples of PB placed above distilled water in a closed bottle for various time at a temperature of 40 °C. The escaping formaldehyde is absorbed in water being subsequently determined using iodometry or spectrophotometry (the CSN EN 717 standard, part 3). Found out values were converted according to a relation, which was determined by VVÚD Praha (Research and Development Institute of Wood in Prague) within the supervision of the PB production to values for the perforator method according to the CSN EN 120 standard. The Roff ael method ("bottle method") can be used for tests of raw particleboards but not for classification tests. There are also other methods to determine the escape of free formaldehyde, eg a chamber method, used for the determination of the amount of formaldehyde in 1 m 3 air. This method diff ers above all by the size of chambers, by the coeffi cient of fi lling, exchange of air etc. To determine released formaldehyde from non-sheathed plywood as well as sheathed panels (particle and fi bre boards, plywood) it is possible to use "gas analysis" according to the CSN EN 717 standard, part 2 (HRÁZSKÝ, .
In applying the ever-increasing view of negative impacts aff ecting the environment it is inevitable to limit or at best eliminate the content of free formaldehyde. The European standard EN 13986 divides particleboards into two emission classes according to the content of free formaldehyde, viz. E 1 where the content of free formaldehyde is ≤ 8 mg/100 g o.d., and E 2 where the content of is > 8 mg/100 g o.d..
In the future, this standard should be extended by class E 1special, where the content of free formaldehyde is lower than 5 mg/100 g o.d. particleboard. It is evident that the content of formaldehyde together with mechanical properties is the most important parameter of particleboards. This content can be particularly aff ected by the type and properties of the adhesive used and less by the technology of production (HRÁZSKÝ, KRÁL; 2007).
Generally, it is possible to note that our aim is to manufacture particleboards with the minimum content of formaldehyde, with satisfactory mechanical and physical properties using the lowest-possible pressing factor. The development of adhesives and their properties is the subject of continuous research and thus, it is necessary to use feedback at the production, which can help to assess the suitability of an adhesive depending on resulting properties of a particleboard.
The paper objective was to fi nd out the most optimum ratio of two ureaformaldehyde adhesives used for a central layer at the production of particleboards 18 mm thick, namely under operational conditions of an important producer of particleboards in the CR. At the determination of this ratio, physical and mechanical properties of particleboards were taken into consideration the boards to fulfi l requirements of the CSN EN 312 standard for P 2 class as well as for the emission class E 1 according to the EN 13986 standard, viz. the content of free formaldehyde should be minimal. The CSN EN 13986 standard determines that the content of free formaldehyde must be lower or equal 8 mg/100 g o.d. using the perforator method. The CSN EN 120 standard describes this method and its procedure.
Another factor, which was monitored from the aspect of production capacity, was pressing factor affecting the production capacity. In conclusion of the paper, the most optimum ratio was defi ned of two types of ureaformaldehyde adhesives from the aspect of production quality and capacity.
MATERIAL AND METHODS
Ureaformaldehyde adhesives manufactured by the Dukol Ostrava, s. r. o. company were used for the production of particleboards. It refers to adhesives Kronores CB 1100 D (Dukol EP) and Kronores CB 1200 D (Dukol EP-R). Kronores CB 1100 D is a common adhesive used for surface layers of particleboards. In a mixture with Kronores CB 1200 D the adhesive was used for central layers of three-layer particleboards. The second adhesive mentioned shows increased reactivity. It is suitable for the production of particleboards in continual presses, which operate with low pressing factors. The higher content of formaldehyde is its disadvantage. Adhesive prescriptions of particular pressing variants of particleboards are given in Tab. I. The variants are termed 1-6. The present prescription is termed 1.
Ureaformaldehyde adhesives are prepared by the condensation of urea and formaldehyde. At the preparation of an adhesive mixture the adhesive is diluted by water to about 50% concentration and its pH is neutral. The start of a setting reaction occurs a er the hardening agent application, which decreases the pH value. Ammonium nitrate NH 4 NO 3 was used as a hardener.
A hydrophobization agent is an important admixture to the adhesive mixture. This agent should guarantee decreased swelling of fi nished boards due to moisture. Paraffi n emulsion at 1.0% per DM particleboard was used as the hydrophobization agent. To include particleboards of a thickness of 18 mm into class P 2 according to the CSN EN 312 standard the boards have to fulfi l following requirements:
Bending According to particular adhesive prescriptions 1-6 mentioned in Tab.I, particleboards were pressed on a continual press. Of each of the production two particleboards were always sampled. Each of the boards was divided into three belts (Fig. 1) . Of each of the belts twelve specimens were sampled for bending tests (six from the longitudinal and six from the cross direction towards the production fl ow direction), eight for tensile strength perpendiculary to the board tests and three specimen sets to determine the content of free formaldehyde. Statistical quantities were not calculated separately for each of the boards but always for both two boards taken from production according to particular adhesive prescriptions 1-6. It means, that six belts were taken from each of the adhesive prescriptions to cut out test specimens for bending strength tests, modulus of elasticity and tensile strength perpendiculary to the board tests. There are also six test sets for each of the adhesive prescriptions 1-6 to determine free formaldehyde. 
RESULTS AND DISCUSSION
Tab. I gives particular variants of adhesive prescriptions used at pressing particleboards 18 mm thick. . The standard requirement is fulfi lled only at 90%. Bending strength MOR ┴ is 11.405 N . mm −2 and should be at least 13 N . mm −2 . The standard requirement is fulfi lled only at 88%. On the contrary, moduli of elasticity MOE fulfi l the requirement. A minimum required value is 1600 N . mm −2 and both moduli exceed the requirement minimally by 47%. The value of free formaldehyde is 6.02 mg/100 g o.d. particleboard and thus the requirement is fulfi lled to classify the boards into class E1 according to the CSN EN 120 standard. Pressing factor is 4.1 s / mm. Conclusion: These prescriptions do not fulfi l all required criteria.
I: Variants of adhesive prescriptions
In the second line (bold face) of Tab. II, values are given of particleboard properties produced using prescriptions 2. The boards do not fulfi l requirements for mechanical and physical properties according to the CSN EN 312 standard for class P 2. Values of bending strength do not reach minimum requirements. Bending strength MOR║ is 12.363 N . mm . Thus, the standard requirement is fulfi lled only at 95%. Bending strength MOR ┴ is 11.465 N . mm −2 , but should be at least 13 N . mm −2 . The standard requirement is fulfi lled only at 88%. On the other hand, modu lus of elasticity MOE fulfi l the standard requirement. Minimum required value is 1600 N . mm −2 and both models exceed the value by 45%. The value of tensile strength perpendiculary to the board σ t┴ is 0.356 N . mm −2 and thus, the standard requirement is fulfi lled. The value of the content of free formaldehyde is 6.38 mg/100 g o.d. particleboard, which fulfi ls a requirement to include the board into class E1 according to the CSN EN 120 standard. Pressing factor is 4.2 s / mm. . Thus, the standard requirement us fulfi lled at 100.3%. Also moduli of elasticity MOE fulfi l the standard requirement. The minimum required value is 1600 N . mm −2 and both moduli exceed the value. The value of tensile strength perpendiculary to the board σ t┴ is 0.368 N . mm −2 and, thus, the standard requirement is fulfi lled. The value of the content of free formaldehyde is 6.90 mg/100 g o.d. particleboard, which fulfi ls a requirement to include the board into class E1 given by the CSN EN 120 standard. Pressing factor is 4.3 s / mm. . The standard requirement is fulfi lled only at 88%. On the other hand, moduli of elasticity MOE fulfi l the standard requirement. A mi ni mum required value is 1600 N . mm −2 and both moduli exceed the value at least by 48%. The value of tensile strength perpendiculary to the board σ t┴ is 0.361 N . mm −2 and thus the standard requirement is fulfi lled. The value of the content of free formaldehyde is 6.93 mg/100 g o.d. particleboard, so a requirement to include the board into class E1 given by the CSN EN 120 standard is fulfi lled. Pressing factor is 4.4 s / mm. Conclusion: These prescriptions do not fulfi l all required criteria.
Conclusion
In the fi h bold face line of Tab. II, values are given of particleboard properties produced using prescriptions No. 5. The boards do not fulfi l requirements for mechanical and physical properties given by the CSN EN 312 standard. Values of bending strength do not reach minimum requirements. Bending strength MOR║ is 12.065 N . mm −2 and should reach at least 13 N . mm . The standard requirement is fulfi lled only at 89%. On the other hand, moduli of elasticity MOE fulfi l the standard requirement. A mini mum required value is 1600 N . mm −2 and both moduli exceed the value at least by 46%. The value of tensile strength perpendiculary to the board σ t┴ is 0.345 N . mm −2 and thus, the standard requirement is fulfi lled. The value of the content of free formaldehyde is 6.22 mg/100 g o.d. particleboard, so a requirement to include the board into class E1 given by the CSN EN 120 standard is fulfi lled. Pressing factor is 4.4 s / mm. Conclusion: These prescriptions do not fulfi l all required criteria.
In the sixth bold face line of Tab. II, values are given of particleboard properties produced using prescriptions 6. The boards do not fulfi l requirements for mechanical and physical properties given by the CSN EN 312 standard. Values of bending strength do not reach minimum requirements. Bending strength MOR║ is 12.060 N . mm −2 , but it should amount to at least 13 N . mm . The standard requirement is fulfi lled only at 88%. On the contrary, moduli of ela stici ty MOE fulfi l the standard requirement. Minimum required value is 1600 N . mm −2 and both moduli exceed the value minimally by 42%. The value of tensile strength perpendiculary to the board σ t┴ is 0.361 N . mm −2 , so the standard requirement is fulfi lled. The value of the content of free formaldehyde is 7.45 mg/100 g o.d. particleboard, so the requirement given by the CSN EN 120 standard to include the board into class E1 is fulfi lled. Pressing factor is 4.1 s / mm. Conclusion: These prescriptions do not fulfi l all required criteria.
Evaluation of adhesive prescriptions
For the purpose of evaluation we used values • of pressing factor, modulus of elasticity, bending strength, tensile strength perpendiculary to the board and the content of free formaldehyde. 
CONCLUSION
Research described in the paper resulted in the evaluation of adhesive prescriptions No. 3 as most optimum from the viewpoint of mechanical properties and the content of free formaldehyde in particleboards. The ratio of mixing adhesives in the prescriptions is as follows:
Kronores CB 1200 D : Kronores CB 1100 D = 54.45% (4.6 kg) : 45.45% (3.0 kg) Boards manufactured using adhesive prescriptions 3 show following properties:
The most optimum adhesive prescriptions from the viewpoint of particular criteria are:
Pressing factor •
: prescriptions 1 and 6 are most optimum, the pressing factor is 4.1 s / mm.
Mechanical properties:
• prescriptions 3 are most optimum, particleboards show the highest mechanical properties (bending strength, modulus of elasticity in bending, tensile strength perpendiculary to board) and the satisfactory content of free formaldehyde from the viewpoint of emission class E 1. The content of free formaldehyde:
• present prescriptions 1 are most optimum, the content of free formaldehyde in particleboards amounts to 6.02 mg HCHO/100 g o.d. particleboard. 
SOUHRN
Vliv poměru míchání UF lepidla a UF lepidla se zvýšenou reaktivitou na mechanické vlastnosti, obsah formaldehydu a produktivitu výroby třískových desek 
